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Abstract—This work discusses the influence of a photodiodes
effective area size on the precision of received signal strength-
based visible light positioning. It analyzes how two silicon-based
photodiodes with different effective area perform as a receiver
under varying illumination conditions. The two main findings
are that it is not particularly needed to select a photodiode
with a large surface area, despite the higher received signal
strength, due to a higher noise contribution. On the other hand,
the spread on the distance estimation is much smaller than 1 mm
under standard illumination levels for the two photodiodes with
a significantly different surface area, so that both photodiodes
deliver enough precision.
I. INTRODUCTION
Visible Light Positioning (VLP) is a very promising technol-
ogy to deliver indoor location based services [1]. It can simul-
taneously provide highly accurate localization and illumination
in a building. The application domain for this technology is
very broad. It ranges from indoor logistics in industry where
asset and vehicle tracking or navigation is important, to the
retail industry where targeted advertisement and customer heat
maps are of interest. Many articles with different approaches
to attain a visible light positioning system have already been
published [2]. Some solutions use a camera or image sensor to
obtain angular information from the emitted modulated light.
The Received Signal Strength (RSS) based approach [3] that
is envisioned in this work uses a single photodiode as receiver.
The use of a photodiode as receiver for a VLP-system is
well described in literature [4], however the influence of the
diodes effective area on the precision of visible light posi-
tioning has not yet been investigated experimentally. In this
work two commercially available photodiodes with different
effective area are considered and the effect of the photodiode
area on the precision of RSS-VLP is investigated. Section II
describes the measurement setup and the used hardware, while
section III discusses the results of the measurements. The main
conclusions can be found in section IV.
II. SYSTEM DESCRIPTION
To estimate the influence of the photodiode area (Ar) on the
precision of visible light positioning, the measurement setup as
shown in Fig. 1, was constructed. An LED1, which is modelled
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Fig. 1. The experimental setup with the Bridgelux LED to the left of the two
polarizer plates. The receiving photodiode (PD) is placed at 50 cm to the right
of the plates. Two commercially available photodiodes with different surface
area were used in this setup in order to compare the precision.
as a lambertian radiator of order m = 1, is configured to
emit a power switched waveform. The commercially available
receiving photodiode (PD) is placed on a distance d = 50 cm
from the transmitting LED. To modify the transmitted optical
power, two linear polarizer plates2 were mounted just in front
of the LED. By changing the rotation angle between the two
polarizer plates, a smooth modification of the incident power
at the receiver side is realized. The electrical signal at the
photodiode is given by (1) [5].
r(t) = αRps(t) + β + n(t) (1)
Here Rp is the PD responsivity, β is the dc-contribution of
ambient light sources, α is the channel attenuation defined
by (2) [6], in which m = 1 was taken into account. In our
optical bench of Fig. 1, the distance d remained unchanged and
equal to 50 cm. s(t) is the transmitted optical power signal
after attenuation by the polarizer plates and is described by (3),
corresponding with a power switched wave with duty cycle
δ = 0.5 and periodicity T0 = f−10 . The optical power Po is
easily modified by changing the relative angle between the
two linear polarization plates.
α =
Ar
pid2
(2)
s(t) =
∞∑
k=−∞
Po rect
(
t
T0
− 1
2
− 2k
)
(3)
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The noise at the detector n(t) is the sum of shot noise and
Johnson noise. Shot noise is a Poisson process, which can be
approximated by a Gaussian distribution for large numbers [7]
(in this case a large photon count). Thus one can state that
n(t) is a sample of Gaussian noise with expectation value
E{n(t)} = 0 and variance σ2.
For the conducted measurements, the illumination levels (Ev)
were chosen to vary between 100 lx and 400 lx, with a
measurement step of 50 lx. Standards for lighting requirements
impose that there is a minimum of 100 lx in company trans-
portation zones like large warehouses and hallways [8]. Asset
tracking and logistics are important use cases for visible light
positioning, therefore the experiments described in this work
are in correspondence with these illumination levels. To asses
the effect of the PD area Ar on the precision of visible light
based localization, the spread σdˆ on the distance estimation dˆ
is used as a metric. To obtain the power contribution of the
LED in the received signal r(t), the Fast Fourier Transform-
based demodulation (FFT) was selected [9]. Herefore, r(t)
is sampled with a data acquisition module 3 at a sampling
frequency fs of 128 kHz (taking into account a frequency
f0 of 500 Hz, 256 samples are thus obtained in one period).
The average received signal Ps is assessed by evaluating the
expectation value of the first harmonic component of the
modulus of the FFT of r(t) as defined in (4). Averaging over
1000 periods leads to the expectation value.
r = mod
{
f0
∫
T0
r(t) exp
(
−j 2pit
T0
)
dt
}
=
ArRpPo
pi2d2
+n
(4)
Since E {n} = 0, (5) is valid.
Ps = E {r} = ArRpPo
pi2d2
(5)
When a single measurement is executed and the received
signal is evaluated, it is to be considered mathematically as
taking a sample value of a Gaussian distribution around Ps
with the variance equal to the noise power. Taken into account
the knowledge of Ps as the mean of the Gaussian distribution,
the estimation of the received signal rˆ is described by (6)
rˆ =
(
d
dˆ
)2
Ps, (6)
so that an estimation of the distance dˆ is easily found (7) for
each sample of the received power.
dˆ = d
√
Ps
rˆ
(7)
Using this method to obtain a distance estimation for every
acquired signal period allows us to assess the precision on dˆ
and thus the spread on the measurements for both receiver
modules.
σ2
dˆ
= Var{dˆ} (8)
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Fig. 2. The transmitter side of the measurement setup with the mounted LED,
LED-driver and microcontroller unit for signal generation. The polarizer plates
are mounted just in front of the LED.
III. RESULTS AND DISCUSSION
The measurements were conducted with the two com-
mercially available modules from manufacturer Thorlabs, the
PDA36A24 and the PDA100A5. The modules have a built-in
transimpedance amplifier (TIA) and they were chosen because
of their excellent traceability in terms of noise properties and
responsivity. The receiver diodes are configured in photocon-
ductive mode, hence with a reverse bias applied. Their effec-
tive area is 13mm2 (PDA36A2) and 100mm2 (PDA100A). To
maximize the dynamic range of the analog-to-digital converter
(ADC), the transimpedance gain of the PDA36A2 was set to
30 dB and that of the PDA100A to 20 dB. Fig. (2) shows the
transmitter portion of the measurement setup and clarifies how
the LED and polarizer plates were mounted.
As can be observed from Fig. 3 the spread on the distance
estimation σdˆ globally declines with increasing illumination
level for both receiver modules. It is also found that the
smaller PD (PDA36A2) has a higher precision over the entire
measurement interval. However, the order of magnitude of σdˆ
and thus the spread on the distance estimation is significantly
lower than 1 mm, leading to the result that actually both
photodiodes qualify to be used for accurate indoor positioning
under normal illumination levels. The normalized histograms
and fitted Gaussian distributions in Fig. 4 and Fig. 5 show
the spread on the distance estimation dˆ at illumination level
Ev = 400 lx for respectively, the PDA100A and PDA36A2
receiver modules. The histograms have been normalized so
that the integral over the measurement set sums to one in order
to facilitate the comparison with a probability distribution.
4https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA36A2
5https://www.thorlabs.com/thorproduct.cfm?partnumber=PDA100A
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Fig. 3. The standard deviation σdˆ as a function of the illuminance at the
receiver Ev for the two photodiodes under study.
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Fig. 4. Normalized histogram of the distance estimation dˆ − d with the
PDA100A receiver module at an illumination level of 400 lux.
IV. CONCLUSION
In this work the effect of the area size of a photodiode
on the precision of RSS-based Visible Light Positioning has
been experimentally investigated. The measurements focus on
illumination levels that are standard for transportation zones in
company warehouses where logistics are important. It is found
that, despite a significant difference in surface area (almost a
factor eight), both photodiodes deliver results where the stan-
dard deviation on the distance estimation is significantly below
1 mm. As a main conclusion, one can thus state that the impact
of the surface area of both commercially available photodiodes
on the precision is not a relevant selection criterion.
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Fig. 5. Normalized histogram of the distance estimation dˆ with the PDA36A2
receiver module at an illumination level of 400 lux.
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